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By performing a series of experiments on a thermoset/thermoplastic blend of epoxy/polyarylsulfone 
thermoplastic we are able to characterize many important parameters of the components and their 
interactions. We pay particular attention to the competition between phase separation and cross-linking of 
the epoxy, which makes these systems technologically important but complex. Using small-angle neutron 
scattering we determine an effective Flory-Huggins interaction parameter as a function of the temperature 
and the molecular weight distribution of each component, which is determined by gel permeation 
chromatography. These results are then incorporated into a recent model for linear/branched polymer 
blends to predict the evolution of phase diagrams under isothermal cure. Small-angle light scattering and 
scanning electron microscopy show morphologies in close agreement with the model. © 1997 Elsevier 
Science Ltd. 
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INTRODUCTION 

Polymer blends containing a thermoset component tend 
to be multiphase systems with morphology controlling 
their performance, especially in terms of mechanical 
properties 1-3. Understanding and controlling the phase 
separation process in such systems is, therefore, very 
important, particularly in the case of critical fibre- 
composite applications. In blends of thermoplastics, 
phase separation is usually induced by a temperature 
jump into an immiscible region. Here, however, phase 
separation is effectively induced by a 'chemical jump' as 
the molecular weight of the thermoset (i.e. epoxy) 
increases during isothermal cure. Depending on whether 
the blend is in the metastable or the unstable part of the 
immiscible region, phase separation will proceed via 
nucleation and growth or spinodal decomposition. In the 
first case, small concentration fluctuations will not cause 
the system to phase separate, as a thermodynamic barrier 
to phase growth needs to be overcome with a large 
concentration fluctuation. This fluctuation is called a 
nucleus: once a nucleus is formed it grows by a normal 
diffusion process 4. In the second case the system is 
unstable to infinitesimal composition fluctuations, as 
there is no barrier to phase growth: thus the system 

* To w h o m  cor respondence  should  be addressed  

separates via a spontaneous process that involves a 
diffusional flux against the concentration gradient 5'6. 
When the phase separation mechanism is spinodal 
decomposition, a highly interconnected two-phase 
morphology with uniform domain size ('modulated 
structure') develops 7. In the early stages of this process 
the wavelength (domain size) remains constant while the 
amplitude (concentration difference) of the composition 
fluctuation increases. In the intermediate stage both the 
wavelength and the amplitude increase with time. In the 
final stages the concentration difference between the two 
phases reaches its final value while the domains continue 
to coarsen 8. The final morphology in thermoset/thermo- 
plastic blends is, in fact, a result of the competition 
between phase separation and the accompanying chemi- 
cal cross-linking, which ultimately 'locks' the structure of 
the blend. The complexity of this phase separation 
behaviour has led to a limited number of theoretical 
attempts to predict the evolution of the phase diagram 
during cure. Among others, Binder 9 and Williams 1° have 
modelled a thermoplastic in a weakly cross-linked 
network and a linear/branched blend, respectively. 
Clarke e t  al .  II have utilized the Flory-Huggins theory, 
which was modified to account for polydispersity by 
Konigsveld 12 and Solc 13'14, to calculate the phase 
diagram of a thermoset/thermoplastic blend prior to 
the gel point. One of the main advantages of this 
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particular model is that it permits calculation of the 
coexisting phase compositions. In such an approach the 
complex ternary mixture of thermoplastic, epoxy and 
curing agent is treated as a binary blend, consisting of 
a monodisperse thermoplastic component, and a poly- 
disperse epoxy and curing agent 'pseudocomponent' (so 
called because we describe the interaction of this 
copolymer with the thermoplastic by a single parameter). 
Although the model does not explicitly predict the 
evolution of the phase diagram as curing progresses, this 
can be effectively incorporated by allowing for different 
molecular weight distributions of the pseudocomponent 
at different times. Thus it is possible to obtain a series of 
'snapshots' of the phase diagram during curing. Using 
the interaction parameter measured from small-angle 
neutron-scattering (SANS) experiments, and the mol- 
ecular weight distribution of the epoxy obtained through 
gel permeation chromatography (g.p.c.) it was possible 
to use this model to predict the phase diagram for the 
thermoset/thermoplastic blend used here. The accuracy 
of these predictions was investigated through a series 
of small-angle light-scattering (SALS) and scanning 
electron microscope (SEM) experiments. 

MODEL FOR PHASE SEPARATION 

The major assumptions of Clarke's model arell: 

(1) The cross-linking pseudocomponent is a poly- 
disperse branched polymer following power law 
statistics, with lower and upper cut-offs N1 and N> 
respectively, 

¢(N) = kN -(~-1) N 1 < N < N2 (1) 

where ¢(N) is the volume fraction of a molecular 
species of the pseudocomponent with a degree of 
polymerization N, k is a normalization constant and 

15 T is the critical exponent . Thus r = 2.5 for classical 
theory 16, and r = 2.2 for percolation theory 17. In this 
work we assume classical statistics. 

(2) The thermoplastic component consists of monodis- 
perse linear polymers. 

(3) For each calculation of the phase diagram the 
mixture is assumed to be chemically stable. 

(4) Interactions between components remain the same 
throughout the cross-linking process, i.e. they are 
independent of branched polymer composition. 

The Flory-Huggins free energy of mixing of a linear/ 
branched polymer may be written as 11'1s 

Fmix ¢linln'a. q- t~(-~i ln¢i)-+-X¢lin(1-Olin)(2)  
ka T - -  Nli n tYlm 

where the ith component of the branched polymer has 
volume fraction ¢i and a degree of polymerization Ni, 
q)lin is the volume fraction of the thermoplastic (linear) 
component, Fmix is the Helmholtz free energy of mixing 
per lattice site, X is the interaction parameter between 
the thermoplastic component and the epoxy-amine 
(branched) pseudocomponent. We define 

Ni 
i = 1,2 (3) 

n i  - -  N l i n  

It is possible to derive simple expressions for the reduced 
n, w and z polydispersity averages (nn, h-£w, N)  of the 
branched (epoxy-amine) component 11. 

The model 19 may then be solved for the spinodal curve 
and critical point in terms of the above molecular weight 
averages, which in turn depend on the degree of cross- 
linking (up to the gel point). The spinodal curve is given 
by 

NlinXs = 2 + (1 - q~lin) (4) 

and the critical point by 

, T crit 1 1 1 
~'lin = 1 + - - ~  ] ~VlinXs = 2 -~ (1 - ¢lin2Crit)nw-- 

(5) 
Due to the polydispersity of the pseudocomponent 
for each blend composition there is a unique set of 
coexistence curves for the emerging phases, which do not 
coincide with the cloud point curve (which delineates the 
limit of stability of the one phase region). These are 
calculated by simultaneously solving the following 
equations, which can be derived from the condition 
that the chemical potential of each component in each 
phase is equal: 

In qSlin q - ( 1 -  ¢ l i n ) (1 -  + ) - 4 -  NlinX(1 -- Olin) 2 =  

( 6 )  

ln¢lln + (1 - ¢lin 1 - -  + NlinX( l ~lin) 

and 

I! n V" ,, = ( r - - 2 ) ( 1 - C ; m )  f2 n -(~-') 
---if- (1 - ¢lin) n~-("-2) _ n~('-2) J., 1 + r e  ~ d n  

at various N~inX for fixed ¢lin, nl and n2. In equations (6) 
the following parameters have been defined: 

/ 

a = 2NlinX(Oll n ' + n~7 / -  ] - -  ¢ l i n )  1 / / ¢ l i n ' ~  
\ W l i n /  

and 

V / 

V "  

Single and double primes denote the branch-rich and 
linear-rich phases, respectively, while V is the total 
volume. 

The cloud point curve, for which the principal phase 
has the same characteristics as the bulk, is calculated by 

; + + (,_ 

+ (1 l 1 - n ¢ l i n  

0, ,n  % 

(1 - ¢I;')., - l n ( ¢ . . / ¢ I D  

/)0 - -  (1  ¢lin-~ M i n x  = 2(¢;I" - ¢ l i n )  ( 7 )  

The parameters of the incipient phase are denoted by 
triple primes, while those of the principal phase are 
without primes. 

The spinodal curve and critical point are calculated 
analytically from equations (4) and (5), while the 
coexistence conditions and cloud point curves are obtained 
numerically from equations (6) and (7), respectively. 

4856 POLYMER Volume 38 Number 19 1997 



Phase diagram prediction." S. Elliniadis et al. 

It is evident from the above that in order to be able to 
predict the familiar temperature-composition phase 
diagram one needs the molecular weight of the linear 
component, the molecular weight distribution (MWD) 
of the pseudocomponent, and the temperature depen- 
dence of the X parameter for the system. Furthermore, to 
predict the evolution of the phase diagram under cure, 
the MWD for the pseudocomponent at different times 
during the curing process must be known. In particular, 
we need some estimation of the upper and lower cut-offs 
for the branched polymer. A similar model has recently 
been used by Riccardi et al. 2° to study the phase 
behaviour of linear/branched blends. They adopted 
Flory-Stockmayer statistics for the distribution function 
of the branched polymer 21'22. The expression that we 
have adopted, equation (1), is an approximation of the 
above statistics, which has been shown to be a good 
representation 23, particularly for n2/nl >> 1. The most 
drastic approximation inherent in equation (1) is the 
lower cut-off; however, we do not believe this signifi- 
cantly affects the theoretical predictions, as the most 
interesting phenomena associated with these blends 
occur due to the variation of n211. Also, equation (1) 
enables us to write explicit and simple expressions for the 
spinodal, critical point and polydispersity averages, as 
well as being a good approximation to Flory-Stock- 
mayers statistics. 

NEUTRON SCATTERING 

The SANS method 24'25 has been successfully used to 
measure the interaction parameter, in the one-phase 
region, of blends containing one deuterated com- 
ponent 26-31. The magnitude of the scattering vector q is 

27r. 0 
q = -~--sln ~ (8) 

where 0 is the scattering angle and A is the wavelength of 
the scattered beam*. According to Higgins et al. 32 the 
absolute coherent elastic scattering cross-section, 
d~r(q)/dfL for a one-phase mixture of two components is 

dot(q) _ (bl -/3b2)2S(q) (9) 
dfl VI 

where V i is the volume of the repeat unit of component i, 
bi is the coherent scattering length of a repeat unit of 
component i,/3 is the ratio V 1/1/2, q is the magnitude of 
the scattering vector and S(q) is the structure factor. 

By applying the random phase approximation (RPA), 
which for an interacting system yields 33'34 

1 1 1 
"+- 2~e ff (10) 

S(q) ~1 $1 (q) ~b2S2 (q) 

w h e r e  ~ i ,  Si(q), are the volume fraction and structure 
factor, respectively, of each component, S(q) is the total 
structure factor and Xerf is an effective interaction 
parameter per segment mole of polymer 1, Higgins and 

35 38 co-workers showed - that the SANS of a homo- 
geneous one-phase polymer blend of two components, 
in which one of them is deuterium labelled, is given by 

* In SANS the wavelength of the incident beam (Ain¢) does not change 
during scattering, in SALSA = )~inc//Z where # is the refractive index of 
the blend 

the equation 

da(q) _ (a -/3b) 2 
(ll) [(1 ] 

df~ V1 NI q~Tp 1 (q) + ~ - 2Xerf (NzCb2P2(q) ) 

where da(q)/df~ is the normalized coherent scattering as 
a function of q, d is the coherent scattering length of a 
repeat unit of the deuterated polymer, Ni is the degree of 
polymerization of species i and P; is the Debye scattering 
function where 

2 
P i ( q ) - - ( u + l ) v ~ ( ( l + u v ) - ' / U - l + v )  (12) 

2 2 
Mw i Rg i q u -  - -  1 v - - -  (13) 
Mn; 2u + 1 

Mw, Mn are the weight average and number average 
molecular weights and Rg is the z average radius of 
gyration. In the Zimm range 39, qRg < 1, the functions 

Pi(q) ~ 1 R~;q2 (14) 
3 

Consequently, in this range the intensity should vary 
linearly with q2. 

Furthermore, limq_.o[P(q)] = 1, and the scattering 
intensity is inversely proportional to the second deriva- 
tive of the Gibbs free energy of mixing per lattice site 
divided by kBT, G"38: 

where 

&r(q)df2 q--+o - -  (d g 1- G/3b)2" (15) 

G" - - 02(AGm/kBT) 1 
- -  + - -  2Xerr (16) 

0q ~2 NI q~l N2~2 

Due to equation (14) a plot of (&r(q)/df~) -1 versus q2 
should yield a straight line, with the intercept at q = 0 
giving the value of G" and therefore Xefr. In this approach 
only the degrees of polymerization and the volume 
fractions of the blend components need to be known. 

EXPERIMENTAL 

SANS measurements were made on the time-of-flight 
diffractometer LOQ at the ISIS pulsed neutron source at 
the Rutherford Appleton Laboratory in Oxfor.dshire, 
UK. Data from neutron wavelengths of 2.0-9.8 A were 
combined to give a simultaneous q range of 0.006- 

40 41 0.22,~-1, at a sample detector distance of 4.4m ' . To 
ensure the necessary contrast for the experiment, in the 
polymer mixture under study, the thermoplastic, a 
polyarylsulfone (PAS), was replaced with a deuterium- 
labelled version (d-PAS) with a 64% deuteration level. 

Samples were prepared as follows: the mixture of the 
thermoplastic (d-PAS), epoxy, Ciba Geigy MYO510 (a 
trifunctional epoxy based on aminophenyl and curing 
agent), 4,4'-diaminodiphenylsulfone (4,4'-DDS) (30/ 
45.4/24.6wt%) was dissolved in methylene chloride/ 
methanol (95/5%). Drying was then carried out in the 
aluminium SANS cells for 30min at 145°C under 
vacuum (at a pressure of 10mbar). After drying, the 
samples were sealed in the SANS cells and partly cured 
for 17 and 30 min at 145°C, to ensure two different levels 
of reaction. Following part-curing, the samples were 
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Table 1 Annealing of  blend samples containing d-PAS 

Annealing temperature (°C) Annealing time (h) 

25 8 
45 4 
65 2 
85 1 

105 0.5 
125 0.25 

Table 2 Molecular weight o f  the deuterated and hydrogenous blends 

through the g.p.c, experiments. Note that the values for 
the average molecular weight, Mw, were obtained from 
the peak positions in the g.p.c, graphs and these values 
were used for the calculation of  Xeff 47. Unfortunately it 
was not possible to analyse the deuterated samples cured 
for 30min at 145°C as they were only partially soluble, 
due to the extent of crosslinking, hence no values of Xeff 
could be obtained using equation (16). From the above it 
can be concluded that the epoxy cures faster when mixed 

Deuterated blend Hydrogenous blend 

Pseudocomponent  at 145°C Pseudocomponent  after b 

d-PAS after 17 min PAS 28 min 35 min 52 rain 
m 

M w 5400 1 880 27 350 732 832 1 253 

MwMin _a 250 - 250 250 250 

Mw Max - 16 000 5 000 10 000 50 000 

a The M W D  of  the thermoplastic was not  calculated as only the average M w is required for Clarke's model 
o 1 c b Cured as follows: placed on hot-plate at 145 C, heated at 2°C min-  to 180 C and held at constant  temperature for 2 h 

rapidly quenched below 20°C. These quenched samples 
were then annealed to various temperatures for the times 
presented in Table 1 in an attempt to reach equilibrium at 
those temperatures. After annealing, the samples were 
quenched again to 10°C and stored at 6°C before being 
irradiated with neutrons. 

D.s.c. scans on the samples showed that their glass 
transition temperatures (Tg) were 28°C for the samples 
cured for 17 min, and 43°C for those cured for 30 min. To 
confirm that the deuterated samples were still in the one- 
phase region, samples of identical composition were 
prepared on microscope cover-slips and cured at 145°C 
for 2 h under light-scattering observation. The results 
indicated that there was no increase in the scattered 
intensity, which would denote phase separation, for at 
least 1 h, hence our samples, cured for 17 or 30min, 
would not have phase separated. 

In order to be able to use the theory outlined above, 
the molecular weight of the epoxy-amine pseudocom- 
ponent for the two series of SANS samples and its MWD 
with time during cure need to be known. Various studies 
have shown that epoxy cure kinetics is affected by the 
presence of polyarylsulfone thermoplastics 42-44 and the 
solvent preparation route that was followed 45. Conse- 
quently, the molecular weight of the epoxy4could not be 
accurately deduced from previous work 6. Thus the 
required molecular weights were established by g.p.c.* as 
follows. After establishing the MWD of the deuterated 
thermoplastic, it was possiblet to extract the MWD of the 
pseudocomponent from the g.p.c, graph of the deuterated 
blend. This exhibited a shoulder due to overlapping of the 
epoxy and thermoplastic g.p.c, peaks. For the pseudo- 
component MWD with time, in a blend containing hydro- 
genous thermoplastic, a series of experiments were 
performed whereby samples of the cross-linking blend 
were taken at various times for g.p.c, analysis. By 
subtractingt the hydrogenous thermoplastic MWD, the 
pseudocomponent MWD at specific times during cure 
was obtained. G.p.c. curves for the various blends are 
presented in Figure 1. 

Table 2 summarizes the information that was obtained 

* All g.p.c, results were derived using polystyrene for calibration 
TM t Using commercial software, P E A K F I T  by Jandel Scientific 
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Figure 1 G.p.c. curves for (a) hydrogenous thermoplastic and 
(b) hydrogenous blends after 35 min 

with the low molecular weight deuterated PAS than in a 
blend with the higher molecular weight hydrogenous 
PAS, even though in the latter the curing reaction takes 
place at much higher temperatures. 
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Figure 2 Inverse cross section versus q2 for a deuterated blend 

Table 3 Element scattering lengths 

Bound coherent 
Elementatomic number scattering length (fm) a 

H 1 -3 .739  
H 2 6.671 
C n 6.646 
N 7 9.360 
08 5.803 
S 16 2.847 

a l f m = 1 0  -13cm 

The results of the neutron-scattering experiments 48 
after correction for background scattering, transmission 
and reduction were in the form cross-section (dcr(q)/df~) 
(cm -1) versus wavelength (q) (,~-l). In all cases the 
parasitic scattering from the sample holder was sub- 
tracted from the sample scattering, and the incoherent 
scattering background was estimated from the scattering 
of the hydrogenous component of the blend (pseudo- 
component). The absolute transmission values were 
estimated using a mixture of hydrogenous and deuter- 
ated polystyrenes* as the standard. Using data analysis 
programs the data can be plotted in the form 
(dcr(q)/df~) -1 versus q2. The y axis intersect of a straight 
line fitted to the data in Figure 2 yielded the value of 
dcr(q)/df~iq_m and therefore Xeff. 

In the estimation of X~rf the following values were used 
for the density of the materials: d-PAS, 1.49gmo1-1; 
MYO510, 1.22gmol-1; 4,4'-DDS, 1.27gmo1-1. For the 
estimation of the scattering lengths the values in Table 3 
were used 5°. 

Using the above density values, /3 = Vthermoplastic/ 
Vpseudocomponen t = 1.215. However, in the Clarke model, 
the monomeric persistence lengths of the linear and 
branched polymers are equal 19. So to use the model, 
the volume of the repeat unit of the deuterated 
polymer should be adjusted so that /3 = 1. Conse- 
quently the molecular weight of the thermoplastic 
repeat unit and its scattering length need to be adjusted 

* Sample name GDW20,  M ,  = 77 400, thickness = 1.27 m m  49 

-3 

Table 4 X temperature dependence 

Annealing temperature (°C) Xe~ 

45 0.152 
65 0.126 
85 0.138 

105 0.154 
125 0.156 

according to 

1 V1 a M ~  d a 
(17) 

/ 3 -  VI Ma d] 

where Via, M~ dia are, respectively, the adjusted volume, 
molecular weight and scattering length of the repeat unit 
of the thermoplastic. 

Employing equations (19) and (20), the values of the 
interaction parameter per segment mole (Xefr) in Table 4 
were obtained. 

The high value of Xerf for 45°C may be attributed to 
the sample not reaching equilibrium at that temperature 
in the annealing time of 4 h, thus reflecting the value of 
Xeff of a higher temperature. 

Since Xeff represents unit segment interactions of 
polymers in a blend it is, in theory, molecular weight 
independent. This has been established for mixtures of 
high molecular weight polymers 5]. However, Xeff is 
strongly dependent on temperature and blend composi- 
tion. Assuming its temperature dependence given by 
equation (18), where a is the entropic term and b is 

11 the enthalpic term , the results of fitting this equation 
to the data of Table 3 (excluding the value for 45°C) are 
presented in Figure 3: 

b 
x = a + - -  (18) 

T 

CALCULATING THE PHASE DIAGRAM 

By using the Clarke model, the phase diagram for the 
partially cured deuterated blend can be predicted as a 
function of X for the determined molecular weight values. 
The degrees of polymerization were estimated using the 
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Figure 3 Temperature dependence of Xeff for the deuterated blend 

6 0 0  

O 
9_. 4 5 0  

(1) 

E 
~ 300 

150 

0 . 0  

÷ ÷ 
. [] + o C l o u d  Po in t  

*+ oX ++ x x S p i n o d a l  
+ + 
÷ , C o e x i s t e n c e  
+ o + 
t, +* x . o  

+ o ++ 
* o  ** . 

xxXX / 

0.5  1.0 

Volume fraction of d-PAS 
Figure 4 Estimated phase diagram for the deuterated blend. The solid 
circle represents the critical point 

mole weight of the repeat unit of the pseudocomponent 
and the thermoplastic, respectively. Note that for the 
thermoplastic the adjusted value, from equation (17), was 
used. The resulting values for nl and n2 were 0.056 and 
2.222, respectively, based on an Nli n value of 16.869. 

The deuterated phase diagram can be estimated, in 
Figure 4 from equation (18), in the familiar terms of 
temperature versus composition. 

Notice the set of coexistence curves which give the 
compositions of the resulting phases, once phase 
separation has started. As mentioned before, a unique 
set of coexistence curves exists for each composition. The 
thermoplastic-rich branch of the coexistence curves lies 
within the spinodal region; the phase diagram corre- 
sponding to that phase is different to the bulk phase due 
to the different MWD of the epoxy when compared to 
the bulk. During phase separation, as the molecular 
weight of the epoxy increases, the phase diagram will 
move downwards and cross the temperature at which the 
blend cures, thereby inducing phase separation. 

THE PHASE SEPARATION PROCESS 

Having measured the MWD of the pseudocomponent 
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Figure 5 Predicted phase diagram evolution during cure for an epoxy/ 
PAS/DDS 47/30/23wt% blend after (a) 28min, (b) 35rain and (c) 
52 min of cure. Solid circles represent critical points 
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Figure 6 SALS scattering profiles of blends containing 15, 30 and 
45 wt% of deuterated thermoplastic, at the end of phase separation 

at different times during cure and assuming that the 
temperature dependence of the interaction parameter is 
the same for both deuterated and hydrogenous thermo- 
plastic, we can now estimate, in Figure 5, the phase 
diagram evolution of the thermoplastic/thermoset blend. 
The downward shift of the phase diagram is predicted as 
well as the broadening of the metastable region 11 . 

In order to test the model, a series of light-scattering 
experiments and SEM studies were performed. Samples 
with compositions of 15, 30 and 45 wt% of d-PAS (the 
epoxy/4,4LDDS ratio remained constant) were cast on 
microscope cover-slips following the same preparation 
route as for the SANS experiments. These were then 
cured under SALS observation following the tem- 
perature programme of the hydrogenous samples, as 
described in Table 2. Figure 6 shows the light-scattering 
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Figure 7 SEM micrographs of fractured and etched samples contain- 
ing (a) 15, (b) 30 and (c) 45 wt% of d-PAS 

profiles at the end of the experiment for the three 
compositions containing deuterated thermoplastic. It 
was not possible to observe phase separation in real time, 
probably due to the small refractive index difference 
between the thermoplastic and the epoxy 52. However, 
both the relative intensity (30% > 45% > 15%) and the 
position of the peaks, in terms of q(30% < 45% < 15%), 
indicate that the phase separation process is spinodal 
decomposition which has progressed further for the 30% 
blend than for the other two. This observation is in good 
agreement with the predicted phase diagram in Figure 4, 
as the phase diagram shift towards lower temperatures 

during curing will cause the 30% blend to be deeper 
inside the spinodal region, followed by the 45% and the 
15% blends. 

The cured SALS samples were subsequently fractured 
and etched with a 1% solution of potassium permanganate 
in a 5 : 2 : 2 volume mixture of concentrated sulfuric acid/ 
phosphoric acid/distilled water. After etching, the samples 
were sequentially washed in aqueous sulfuric acid, 
hydrogen peroxide (100 volumes), water and finally 
acetone. All samples were then sputter coated with 
platinum before SEM examination. The SEM micro- 
graphs exhibit a co-continuous structure for the 30 and 
15% blends while those of the 45% blend exhibit a 
particulate structure with secondary phase separation 
inside the spherical domains (Figure 7). This is not 
surprising as the 45% blend has to cross a wider metastable 
region compared to the other two compositions. We 
suggest phase separation first proceeded via nucleation 
and growth in the metastable gap until the emerging 
particle phase, which is also simultaneously cross-linking 
and therefore has changing stability requirements, 
crossed its own spinodal and secondary phase separation 
occurred. That the secondary separation is spinodal 
decomposition suggests that the composition of the 
emerging particle phase is close to the critical com- 
position 11 . This secondary phase separation may also be 
responsible for the intensity peak in the light-scattering 
experiments. 

CONCLUSIONS 

Using a simple model it was possible to predict the 
phase diagram of a curing thermoset/thermoplastic 
blend. The calculated phase diagram predictions were 
in good agreement with results from SALS and SEM 
experiments on the same blend. In addition, the model 
predicted, with relative success, the secondary phase 
separation which is often evident in thermoset/thermo- 
plastic blends. A major assumption incorporated in this 
model, namely the validity of equation (1) in describing 
the MWD of the branched polymer, has not been 
tested explicitly. A more complete and reliable method 
for measuring the MWD would be required before this 
is possible. An obvious refinement to the model would 
be to incorporate polydispersity for the linear compo- 
nent to bring the predictions closer to real blends. In 
particular this will increase the size of the metastable 
region at low concentrations of thermoplastic. 

We believe that this model will greatly improve our 
ability to predict the phase behaviour of complex blends, 
limiting the need for exhaustive experiments over the 
whole compositional range in order to accurately 
estimate the phase diagram of a particular blend. It 
will also enable determination of the curing conditions 
necessary for producing desired morphologies, and 
therefore properties, in applications of thermoset/ 
thermoplastic blends. 
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